SUMMARY Serial measurements of bone mineral in 17 ambulant female patients with rheumatoid arthritis (RA) of recent onset and 19 age matched female controls were made in the radius by computed tomography and in the vertebrae by dual photon absorptiometry. Loss of trabecular bone from the distal radius was more rapid in RA (p=0-0014), but there was no difference in the rate of loss of bone mineral from the radial midshaft or lumbar spine compared with the controls. This study is consistent with the hypothesis that the predominant form of bone loss early in the disease is in the vicinity of affected joints.
Osteoporosis of the subchondral bone of involved joints is well recognised in rheumatoid arthritis (RA) and forms part of the diagnostic criteria of the disease.' In addition, a more generalised involvement of the axial and appendicular skeleton may occur.2-4 Juxta-articular bone loss occurs early in the disease, being evident in some patients only a few months after the onset of symptoms,5 but whether bone is lost early in the axial skeleton and in the appendicular skeleton at sites away from involved joints is unknown.
In the last decade more accurate quantitative methods of assessing bone mass in vivo have become available.6 Some of these techniques have been applied in RA but generally in cross-sectional studies at appendicular sites and usually in patients with longstanding disease.3 [7] [8] [9] [10] In the present study we have performed serial measurements of bone density in the distal radius, radius midshaft, and lumbar spine of ambulant outpatients with RA of recent onset and a group of age and sex matched controls. Since among RA patients who have not been treated with corticosteroids postmenopausal women are the group most at risk of developing osteoporosis,2 we selected for Accepted for publication 2 Bone density was measured in the dominant radius at two sites with an 'Isotom' purpose built computed tomography densitometer employing a 1251 source (29 keV, 7-4-18-5 GBq) as previously described. '5 In the distal radius trabecular bone density (TBD, cm-') was measured at 8-10% of the distance between the ulnar styloid and olecranon as the mean linear attenuation coefficient of the central 50% of the bone cross section. To avoid cortical bone in this site only the inner 50% of the bone cross section was measured. At the junction of the distal one-third and proximal two-thirds of the radial midshaft cortical bone was measured as total absorption (cm) calculated as the mean linear attenuation coefficient of the whole cross section multiplied by the crosssectional area. The radiation dose with this method was 0-02 mSv at the measurement site, and the coefficient of variation for repeat measurements in normal subjects was 2%.l5 The cross-sectional area of the radius was recorded at each measurement to ensure that serial measurements were performed as close as possible to the original site.
Bone mineral content (BMC) in the lumbar spine was measured by a Novo 22a dual photon absorptiometer with a 153Gd source (44 keV, 100 keV, 37 GBq) as previously described. 16 Scans were made of the second to fourth lumbar vertebrae, and bone mineral was expressed as the mean lumbar BMC (g/cm) of this region. The radiation dose with this method to the skin was 0-1 mSv and to the uterus about 10 RSv. The coefficient of variation of repeat measurements in normal postmenopausal women was previously reported as 2-6%.16 In our hands, based on the standard deviations about the individual regressions of the subject included in this study, the mean coefficient of variation was 1.8%.
Serial measurements were made by these methods every three to four months for a mean period of 1 24 years (range 0.9-1-6).
DATA ANALYSIS
Serial bone mineral values for the radius and lumbar spine were fitted by linear regression for each subject, and the slope and intercept on the regression line were used to determine the percentage change from baseline values over 12 months.
The statistical significance of the changes between the two groups at each site was compared by a Mann-Whitney U test. Parametric correlation analyses of longitudinal data were performed against measures of disease activity in the radius midshaft and lumbar spine. Because distal radius loss was not normal in distribution, correlations at this site were performed by Spearman's rank correlation. 
Results
The trends in bone density in the distal radius, radial midshaft, and lumbar spine for the two groups are shown in Figs 1-3. In the radial midshaft and lumbar spine inspection of the data confirmed that a linear fit was satisfactory. In the distal radius, most data were again best fitted to a linear regression, but some patients showed a rapid bone loss in a stepwise fashion (Fig. 4) . to those obtained with a linear regression, so a linear fit was used for all subjects. There was no significant difference in the rate of bone loss in the radial midshaft or lumbar spine between the two groups, but in the distal radius patients with RA lost trabecular bone significantly faster than controls (p=0-0014).
Two measures of disease activity correlated with the rate of lumbar spine bone loss but not with bone loss from the radius. The significant correlations were with joint count (r=064, p<001) and Creactive protein (r=0-52, p<005).
Discussion
In this study we selected patients with RA of recent onset for two reasons. Firstly, we sought to determine whether there was accelerated bone loss early in the course of the disease from the axial and appendicular skeleton at sites not affected by juxta-articular osteoporosis. Secondly, we wanted to avoid the complicating additive effects of severe immobility and corticosteroid therapy on bone loss.
The contribution of immobility to bone loss in RA has long been recognised but is difficult to quantify. Castillo et al.17 evaluated hand radiographs in RA and found that cystic changes were more common and osteoporosis less common in men, while in women the reverse was true. The greater degree of The finding of accelerated loss of trabecular bone from the distal radius in RA but not from the radial midshaft or lumbar spine suggests that predominantly local factors mediate bone loss early in the disease. It can be seen from Fig. 1 that rates of loss are quite heterogeneous in the patients with RA. The difference between patients and controls at this site cannot be explained by the inappropriate use of linear regressions, since calculation of the bone loss as the difference between initial and final values gave similar results. Rapid stepwise loss of trabecular bone from the distal radius has previously been described in osteoporotic patients by Ruegsegger et al. ' 9 Fluctuation in disease activity may contribute to a similar phenomenon in RA. The lack of correlation between this loss and measures of disease activity suggests that global measures of disease activity poorly reflect what is occurring in individual joints such as the carpus.
Two sources of error may have influenced the determination of bone loss at the distal site in our study. Firstly, trabecular bone is not homogeneously distributed. A high reproducibility for TBD can therefore only be attained if identical samples are examined in serial measurements.20 This was achieved in our study by multiple measurements of juxtaposed sections, recording of the cross-sectional area of bone sections to identify the correct site for repeat measurements, and exclusion of measurements with movement artefacts. A second possible source of error is that values obtained for TBD overestimate trabecular bone since they incorporate a significant contribution from marrow, and changes in the fat content of marrow will affect TBD.21
Yellow marrow (fat) has a lower linear attenuation coefficient than red marrow (haematopoietic), and a 10% change from red to yellow marrow will alter the linear attenuation coefficient to the same degree as a 05% change in bone density.20 However, as haematopoietic marrow disappears from the peripheral skeleton by age 25 and as changes in subchondral bone marrow fat have not been observed in RA, 22 this is unlikely to explain the changes we found. The rate of loss of bone mineral observed in the radial midshaft and lumbar spine does not support any generalised loss of bone mineral early in the disease. The radial midshaft comprises predominantly cortical bone, which turns over more slowly than trabecular bone, so that the observation period may have been insufficient to detect a difference between the two groups at this site. The lumbar spine contains 50% trabecular bone, making it more sensitive as a measurement site. To show a significant (a=0-05) difference in the rate of loss of BMC in the lumbar spine with a certainty of 95% (1f=0-95) in the present study, given the observed measurement precision and 18 patients in each group followed every three months for 1-24 years, a 2*5% difference in the annual rate of loss between the groups would be required.24 Consequently, accelerated loss from the axial skeleton in RA of this magnitude cannot be excluded without a longer observation period, larger sample size, or increased frequency of measurement. 
